Measured
-~~~ Simulated

)
S
1

S, &[S, (dB)
2
1

N
(=3
1
Group delay (ns)

-60

Frequency (GHz)

Figure 7 Simulation and measurement results of the proposed filter.
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com]

the range of 2.7-6.6 GHz. Owing to the two transmission zeros
in the lower and upper cut-off frequencies, sharp selectivity is
observed. Besides, a transmission zero due to the source-load
coupling is generated at 8.76 GHz and improves the stopband
performance. The measured upper stopband with 25 dB attenua-
tion level is extended to 11.4 GHz. The minimum and maxi-
mum insertion loss with the frequency range 2.9-6.28 GHz is
0.24 and 0.64 dB, respectively, and the measured return loss is
better than 10.8 dB against its counterpart of 13.3 dB in simula-
tion, where the discrepancy may be due to the unexpected toler-
ance of fabrication and implement. In addition, the group delay
within the passband is between 0.30 and 0.66 ns, and the low
group delay variation (0.36 ns) shows a good linearity.

4. CONCLUSION

This article presents a tri-mode wideband BPF. By using the
shunted short- and open-stub loaded resonators, three independent
modes can be combined within the passsband, and the lower and
upper passband bandwidths can be independently controlled.
Besides, sharp passband selectivity can be obtained by the transmis-
sion zeros at the lower and upper cut-off frequencies. Simulated
and measured results show that the proposed filter has the advan-
tages of low insertion loss, sharp passband selectivity, good stop-
band performance as well as flexible design and optimize process.
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ABSTRACT: A novel miniature stripline resonator performed on a
double-layer suspended substrate and bandpass filters (BPFs) based on
it are proposed. The filters have wide stopband with high attenuation. A
fifth-order BPF has been designed and fabricated. The filter stopband at
level of —100 dB extends up to the frequency that exceeds the passband
center frequency by factor of 10. It is shown that miniature filters based
on the proposed resonator could be effectively fabricated by low temper-
ature cofired ceramics technology. © 2013 Wiley Periodicals, Inc.
Microwave Opt Technol Lett 55:2866-2869, 2013; View this article
online at wileyonlinelibrary.com. DOI 10.1002/mop.28013

Key words: BPF, suspended stripline resonator; double-layer substrate;
wide stopband; LTCC

1. INTRODUCTION

Miniature bandpass filters (BPFs) are important elements of
modern microwave wireless communication systems. Filters
having wide stopband with high attenuation level are required
for effective interference suppression.

One of widespread methods for stopband widening is usage of
stepped impedance resonators in which the fundamental mode fre-
quency may be significantly lower than the frequency of the lowest
high-order mode. Stopband width in such BPFs increases with
increase of the impedance step [1,2]. However, this widening is
accompanied by significant decay of resonator unloaded Q factor
due to the rise of ohmic loss in the narrow strip conductor. For sup-
pression the lowest spurious passband, dissimilar stepped impedance
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Figure 1 Longitudinal section of the suspended stripline resonator.
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com]

resonators with differing frequencies of high-order modes may be
used in a filter [3]. In order to suppress one of spurious passbands, it
is often proposed to use transmission zeros that arise when the input
and output resonators are tapped to the filter ports [4-6]. One more
way to widen the stopband width is nullification of the coupling
between some adjacent resonators at one of high-order mode fre-
quencies [5,6]. That is possible while mutual compensation of the
inductive and capacitive interactions between the resonators which
may occur, for example, for specific coupling length [7-9].

Although, a certain progress in development of BPFs with
wide stopband has been achieved, the upper edge of the stop-
band at level of —60 dB in all cited papers does not exceed 8f;,
where f; is the passband center frequency. One of ways of fur-
ther widening the stopband lies through developing new struc-
tures of resonators whose the second mode frequency many
times exceeds the first mode frequency. For example, a fourth-
order BPF based on novel coaxial resonators [10] has the upper
stopband at the level of —90 dB which extends up to 47f, [11].
However, from point of view of manufacturability, reliability,
and cost such BPFs are significantly worse than constructions
based on stripline or microstrip structures.

In this article, we offer the novel construction of miniature
stripline resonator which allows designing BPFs with extremely
deep and wide stopband.

2. MINIATURE SUSPENDED STRIPLINE RESONATOR

The resonator (Fig. 1) consists of a double-layer suspended sub-
strate with three strip conductors placed one under another. Two
outer conductors are connected by one of their ends to one of
the sidewalls of the metal shielding case. The third (inner) con-
ductor is connected by one of its ends to the opposite sidewall.
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Figure 2 The first mode frequency and the frequency ratio of the third
and the first mode as functions of the dielectric layer thickness
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Figure 3 The suspended stripline filter (the metal case is not shown)

All other ends of the strip conductors do not stretch to the side-
walls and remain open circuited.

The first oscillation mode has the lowest frequency f;. This
mode is selected as an operating oscillation mode. The currents
in all three conductors of the first mode flow in the same direc-
tion. The second mode has the higher frequency f>. The currents
of the second mode flow in the upper and lower conductors in
opposite directions and the current in the inner conductor does
not flow. The frequency of the third mode f; is higher than f>.
The currents of the third mode flow in the upper and lower con-
ductors in the same direction and the current in the inner con-
ductor flows in the opposite direction.

It is important to note that excitation of the second mode in
the resonators of BPFs can be hindered if the input and output
resonators are coupled with the filter ports by the use of taps sit-
uated on the inner strip conductors. In this case, the lowest spu-
rious bandpass is due to the third oscillation mode. Then the
bandwidth of the stopband is determined by the ratio f3/f;.

Our study shows that a structure parameter having the great-
est influence on f; and f3/f; is the thickness of the substrate
layer hg. Two dependences presented in Figure 2 were obtained
by electromagnetic 3D simulation with use of Ansoft HFSS. In
the simulation, the following parameters were used: resonator
length /, = 20 mm, length of the strip conductor /5, = 0.98/,, con-
ductor width w =3 mm, height of the air gaps A, =3.5 mm,
permittivity of the substrate layers ¢, = 2.2.

One can see that with decrease in thickness /4 the frequency
f1 drops and the ratio f3/f; grows. Note that increase in f3/f] is
accompanied by significant decrease in the resonator length /;
and insignificant increase in Q factor when f; is fixed. Decrease
in ohmic loss in the last dependence is due to shortening the
conductor length /.

An additional increase in the stopband width may be obtained
by widening the strip width w and increasing the height /,. How-
ever that results in enlargement of the filter size. Increase in per-
mittivity &, insignificantly widens the stopband width too.

Figure 4 Photograph of the fabricated suspended stripline filter. [Color fig-
ure can be viewed in the online issue, which is available at
wileyonlinelibrary.com]
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Figure 5 Measured frequency response of the suspended stripline filter

3. A FIFTH-ORDER BPF

To confirm the promising application of the proposed resonator
in microwave BPFs the fifth-order filter has been designed and
manufactured (Fig. 3).

The double-layer substrate of the filter was made of RT/
Duroid 5880 with thickness /y=0.127 mm, permittivity
& = 2.2, and dielectric loss tgd ~ 0.002. The substrate has size
of 11 X 38 mm?® All strip conductors forming the resonators
have width w =3 mm and length /; ~ 9 mm. The air gaps have
height 4, = 3.5 mm. The spacing between adjacent internal reso-
nators is S; =4.5 mm and the spacing between external and
internal resonators is S> = 3.75 mm.

Figure 4 shows photograph of the fabricated filter prototype
and Figure 5 shows its measured frequency response. The fabri-
cated prototype has the passband center frequency f, = 1 GHz and
the fractional bandwidth Af/fo ~ 10% measured at the level of —3
dB. The minimum insertion loss in the passband is L = 1.3 dB.
The filter stopband at level of —100 dB extends up to 10 fp.

Note that the proposed BPF could have significantly smaller
size if it was implemented by means of low temperature cofired
ceramics (LTCC) technology. Figure 6 shows the simulated fre-
quency response of the fifth-order monolithic filter based on mate-
rials which are in use in LTCC technology. The design parameters
of the simulated filter were as follows. As material of the dielec-
tric layers (ceramic sheets) that fills the entire volume of the filter
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Figure 6 Simulated frequency response of the LTCC filter
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TABLE 1 Simulated Stopband Characteristics of the LTCC
Filter

Transmission level —100 dB —50 dB —40 dB

Upper stopband edge 10.7 fo 22.7 fo 33 fy

was chosen Heratope CT2000 (¢, = 9.1, tgd = 0.002). The vertical
distance between the strip conductors was chosen /4 = 20 um and
the distance between the metal case and the outer strip conductor
was chosen /1, = 600 um [1]. The strip conductors were supposed
be made of cofired paste HF612 based on Ag [1]. They had width
w = 0.5 mm, length /; = 4.0 mm, thickness # = 10 pum, and surface
resistivity Ry =2 mQ. The spacings between adjacent resonators
were chosen §; =0.75 mm and S, = 0.625 mm. In order to align
the reflection maxima in the passband, the inner conductors of
three internal resonators were shortened by length of 0.1 mm.

The simulated LTCC filter has center frequency fy = 1 GHz, frac-
tional bandwidth Afffy =~ 10% measured at the level of —3 dB, and
minimum insertion loss L = 2.3 dB. The filter has size 425 X 6.25
X 1.24 mm°. The frequencies of the upper stopband edges measured
at three different transmission levels are presented in Table 1.

One can see that the proposed suspended stripline BPFs have
extremely wide and deep stopband. They are inferior only to the
latest novel coaxial BPFs [10,11] but are smaller them in size
and are more fabricable.

4. CONCLUSION

Thus, a novel construction of miniature stripline resonator ful-
filled on a double-layer suspended substrate is proposed. This res-
onator differs in small size and significant difference between
frequencies of high-order modes and frequency of the fundamen-
tal mode. It has rather high Q factor for so small size. It is shown
experimentally that the proposed resonator is good for designing
miniature BPF s with extremely wide and deep stopband. The fab-
ricated filter has center frequency f, =1 GHz, fractional band-
width Af/fo = 10%, and minimum insertion loss L = 1.3 dB. Metal
case of the filter has inner size of 11 X 38 X 7.3 mm®. The stop-
band at the level of —100 dB extends up to 10 f. Electromagnetic
3D simulation showed that the filter manufactured with using
LTCC technology may have higher performance.
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ABSTRACT: A reflector antenna with rounded shape is designed to
collimate beam radiated by a quarter wave antenna operating at 2.4
GHz by implementing low cost plasma elements. The measured gain is 9
dBi, cross-polarization remains below —10 dB and operating bandwidth
of the antenna is almost 46 percent. © 2013 Wiley Periodicals, Inc.
Microwave Opt Technol Lett 55:2869-2874, 2013; View this article
online at wileyonlinelibrary.com. DOI 10.1002/mop.27958

Key words: plasma antenna; reconfigurable antenna; beam scanning;
beam shaping

1. INTRODUCTION

Plasma is the fourth state of matter with complex permittivity that
can be exploited to give advantages in communication system [1].
Its negative permittivity has been studied in many research papers
and it was proven to have similar characteristics as metal material
in terms of electrical conductivity [2,3]. While keeping permeabil-
ity in the positive region, plasma will respond to electromagnetic
waves in the similar manner as metal. Therefore, plasma can be an
alternative to metal in the construction of antennas. Its permittivity
can be altered by changing its parameters such as plasma frequency
[4,5], collision frequency [2,5], and gas density [6,7]. In Refs. 8—
12, plasma encapsulated in a dielectric tube has been proven to
work as a radiator. Most of the plasma tubes are homemade
designed [10-12], allowing geometry of the dielectric tubes and

DOI 10.1002/mop

plasma properties to be altered. One of the earliest realization of
plasma as a radiator has been carried out in [13]. Later on, G. G.
Borg in [14,15] and his group have came out with experimental
results for ultra high frequency and very high frequency band.

Beam shaping and beam steering by using plasma reflector are
very promising profiles, especially ability of plasma to be reconfig-
ured electrically which is impossible to be done by metal elements.
Reflector antennas are simple in terms of design complexity, space,
and its simple feed system where free space is used as feed net-
work. There are several configurations of reflector antennas that
can be adopted to steer incoming signal to the intended direction
[16]. One of its realizations was a parabolic plasma reflector operat-
ing at 3 GHz. The reflector has shown comparable performance
with metal reflector in the same arrangement [17,18]. A mathemati-
cal calculation using boundary value method was performed to pre-
dict radiation pattern of plasma antenna in circular arrangement in
[19]. However, the operating frequencies used in the simulation are
rationally near to the plasma frequency which could lead to impre-
cision, refer to [16]. Therefore, the only way to verify the results is
through a concrete measurement.

To the best of our knowledge, only a few papers have reported
about the scanning feasibility study of plasma reflector antennas
[19], and none has reported about its verified performance except
in [16]. For this reason, this article is aimed to present simulation
and experimental results in order to verify the performance of the
reconfigurable plasma reflector antenna with beam shaping and
scanning capability operating at 2.4 GHz. The reflector elements
are made of series of compact fluorescent lamps (CFL) and are
arranged in circular arrangement. The implementation of CFLs
has reduced the risk of complexity of impedance tuning which is
vital when dealing with parasitic elements in designing antenna
arrays. Each of the elements is individually controlled by a single-
pole electronic switch. Therefore, to change the beam profiles is
effortless by narrowing or widening plasma window. As plasma
only requires microseconds to decay [20,21], the scanning beam
can be manoeuvred in split seconds too. Other than antenna recon-
figurability profile, reduced radar cross section [17,20], better
gain, good cross-polarization, high front to back ratio, and its
large operating bandwidth, the overall system is unique because it
implements commercially available CFL [22] in order to stay con-
siderably small, compact in size, and low cost, if one compares to
the elements used in [16] and assumed in [19]. Comparisons
between simulated and measured results in the same configuration
are discussed thoroughly in this article. The simulations were run
using finite-element-method-software, CST Suite [23].

2. PLASMA FORMULATION

The isotropic plasma is a dispersive material that has complex
permittivity. The permittivity under low electron-neutral colli-
sion is given by Eq. (1):

C02
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where ¢, is the complex plasma permittivity, w is the operating
angular frequency [rad/s], and v is the electron-neutral collision
frequency [Hz]. The ), is the plasma angular frequency [rad/s],
and its value can be calculated as in Eq. (2):
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where n is the electron density [m73], e is the charge of electron
[C], m is the electron mass [kg], and ¢ is the free space permit-
tivity [F/m]. From Eq. (1), the ¢ of the plasma will vary if the
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